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ABSTRACT: 

PROBLEM TO BE SOLVED: To decrease the total film thickness and to improve 
the surface recording density by forming an antiferromagnetic layer of a 
specified alloy on a first multilayered film, then forming a second 
multilayered film thereon, and forming a conductive layer which gives a static 
current to the first and second multilayered films. 

SOLUTION: This spin valve film has such a structure that an 
antiferromagnetic layer 4 is formed on a single spin valve layer (c) and 
another single spin valve film (b) is deposited while using the layer 4 as a 
common layer. As for the antiferromagnetic material, PtMn (platinum-manganese) 
alloy is preferable, and instead of PtMn alloy, Pt-Mn-X (wherein X is one of 
Ni, Pd, Rh, Ru, Ir, Cr, Fe and Co) or PdMn alloy can be used. The change rate 
of resistance and reproducing output of the thin film element are significantly 
higher compared to a conventional single or dual spin valve type element, and 
therefore, a high surface recording density can be expected. 
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[11*3173 RSMMtWl, PdMn (^7X7A- 
[000 1] 

[wmm-tmwftwi *%pm. mmom (try 
ffitti ) wa-ft^^ifi] k in»aE»oii»*s»t s 7 »j - 
sgttJl<?>M<7):frr6j k wMi»T«susfiE*^fl:-r l> * e 
yA;p^aaR«?fc«Ri3 . ^tw^7*Biwflffiatf 

W«S:K^LT, ttaj«SE*S»JaoBi»iKflJE«fc*t 

je"c# 6 «t 9 fc Ltzx h-yj^uymmmm^zmti . 

[0002] 

[£#?>&«] g*BS§viSi& (GMR : Giant magnetor 
esistive) 2ft:S£S&S-f S^Jlflljifcti, XtfyA'/P7' 
(Multilayer) GMR£it£rk>'£> 
£. 05teV/H-W^GMR*?£7jrfBrMllT* 

&. -7/^u-f^GMR^ti. Tfrt>*mmtnom 

9 k #&«*«■ 2 k fc t H 0 jg LT «■ $ tltz 

NiFe (-7»HSt)^CoFe OA^h 
Hfc) ^^k'^'fflv^it. ^«1KW«2fc(i, c 

[0003] imm^m 2 LT±Tfc»«tttm 
«o«9*«*s^ mzmimmmmm2<r)wmbn 

0~2 0^y^"7.ho-AgST"ffM3ill>k, RKK 

Yffls^fci 0 . ±y<mmmfA<7>m 9 nmiktjm 

liR¥ftlzmmZtixmit>ti$>. .rovyHJ-^ 
•YGM Rm? T't± . A-KfU?4 k'iDlEIMffc^ 

wiWiawA^-i k . frie^8ttw«^« 9 

ft*<«Wie#k H-*i»ifcSHk-t 4 . ffliESIIlttW^ 

mmk<nmui,zmrs<%E!muzii 0 . smiEfM* 

[00 04] kd-6T'. .KOV/l/f-U-^-VGMR^cO 
fitSSHWU. ^M^*^+0 e ^^ft^O e T** 

ktti o~3o%g«fc*4. jsfiajfb****«fc*s 
< t£h<w± . m^a^ei-^^^fc^^^^T*) 

4 . tfffiiSSJfcspfc 31 £ ltit^fc^»fc*# ^ 

^gpjKW-iafc^i.**. :iia, Mttff««oi9<?) 

EM3n*]tf>'RK K Yffla^fflfcJ; DKWt * OSfifflfc 
fflieii^S 5rft^LT ^ti^. 1 0 0 ( Gb/i n 2 ) 

m%.& xcommm^nmmmxh zzb tfhfr-> 

fc. fcfc'L. StO e tfOWKW^C ^rOTW-S-* ^ilfc 

t'y^iiymmmm^mfimtmx 0 < z 
btmmnx^i, 

[0005] @6liyy^tyy^I^^ 
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«)3, jmw&ws 2 m 7 o -mm l^mx-m 

^CfcltS* t*yA;^lli 7 D -Bttl 1 fc+fct 
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>*ttJi) 3. 3fcJ:i>-R^lSttJi4. 40**lSfiT 

flp^6. 7(±Ta (?y?/U) ^rt' 

^B8tttf«"^)«S*utT*fil*5J:^»IWe, ft^ 10 
8tt#mJf-C£>£. 

[0006] fiifEMBttl 3(i|tflBK?SKtt«4 fc« 
UT»J*$*U fflEII£GKttJl3tt. ijfER3$SM4 

1 <3#ffiT<733^tS£fc J S3^*tt«#fc J: 0 , Y 

Mrf £ biz J: K, m ?Km&&m4 b ffl£@£ffittJH 3 b 

nimktsvxszti. it:. xumzmtztix^i 
a- KA-f rxi 5 cot^gWiufE:? u -Btt« i <o 

B-fk^iX^riaj^jii^S. A-hV\'-fT^»5{C 20 
i-oT. rtA>9>\*H£v/4 X<r>%£.Zffi±-$hZ.bti i 
[00 07] 7y-»te«l*JJ:tffflje«ttJl3 

tPltNiFel^CoFel^. 

mmm^ffi&th^m.'&mAbLx. FeMn 
tti 3 bnmiz&^x$M®&tf+ftizmx'% 

kv^ttJtt*LT^ft. -tort:*. K3Bt£Jl4. 4 

*«?8tt/f3. 3cO±tT^S-«ffi*m,«JSt 

ftifaT/w t° y; ^/k/saMBH^Ii, R3$»ttJf 
4. 4*5H^©1tJ13, 3fcftLT±T£'*>£>(effi2j££ 

MtLTNiMn (-y^/l/-vyXfX) 
[0008] t*yA';P7"Mffl^t-(i, A- 40 

Ikti&b. 7U-KttllcoK'fl:* i X*-[fi]*^Y^r(S] 
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ft-fl. b . 7 'J -«ttl 1 1 3 1 *>IB?JW5r 

0«3>»4>fltetr^«^ilL J: 3 ffl.ttW, ?HKtt« 
«1 2 i: 7 'J -JS14J1 1 fc co-SHB, 2 £(i#8£ttOTl 

2 i:H£5£ttS3 W«M?ret: fcicj: D«m 

sta^-ft l . z ffimssmK<mmzm^< wE&mz 

-Kttl 1 (SOBMkO^rrt t Hjawtl 3 <05afltf>;fr|6]fc 50 
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OffiT^flfflttSVWAtt^ ift t , x h- yA- 
^7lWIBIt?<i0«pttlifiTrs . Xb'yA;l,7'Mf?K 

Ji. 3x1 07 (A/cm*) r**i:3*LTo*. sfir 

««sE^±Rg[*±{f I. i fc tfX' I S . 
[0010] y^mt^^TMISTOi. # 
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im&mmm 2 b 7 y -ait« 1 ^^afc «t t^B»4s 
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y F<0JHii3EftSsa 5-13 %WS.b tt 

zzbumzztix^t. it:, mm.w&imfrm 
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TJ>0. T-xT^XfyA'/PT'STIi;, 2 0 (Gb/i 
[00 11] 

mw&mktx o b-rmm &®mmmznm-t 

4 ttt . ffif EUffiS t (6l± £ tf£ i i: * { aST'J> & . 15 
IEME»^SS:[S]±$-ti:l»{c(i. S4i±i^^iS<-r.?» l l 
t^g-t'&D. 4^filES*tti7JJS<tl>t{i, hu 

lES^ttiTi t itmcommz&h&vimm - 

t tfi&gX'bh . II 5 tw^-f -Y tGM 

<£. i£^-ft^$rSlSffiT'^3 0%{CT'§l.* i; , ^ffitt 
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[0013] ijcKfiaKo^trw^^ifafBa^ttj^ 

±3* Lit J: 5 iZ ! sy?Jl>X\Zyrti\s7m (06 ) 10 
iOrar^tyA'/UTM (07 ) <r>1ffiW$3£ttfr 
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[ 0 0 1 4 ] 07 Ci^-fJ: 3 (c. fimeyA';^ 
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(D) ^ft4@Eff#ft-ri.„ iMc*tL06£ijcf J: 

hWf(\±. *ffl(A) k#ffi (B) *)2Bn3r«0*T* 
5, L^L. T^r/uxf yyN'^y^-fJffi (B) Tfi 
iSm^ifcgUi. i^y7';i/Xb°yy\'/i-7''Mc7)^ffi ( b ) 

ftii. far/Wfyy^/loi^, ii<oKne7y 

-BSttJB 1 ##flB ( B ) fcSffi ( C ) ^jKfrdTFm 

[0015] *3t> 07£irtJ:-3 Cta7;w tryA 

hmm&mAzmmh ztmt l 

V\ ^±d&K^tt*ffikLTN i Mn^ffii 
■C* 4 . LfrLZ a^Wk^x t y <A-7OTS*? £ 

11, OT<7>|3]Si5#&S. R3HS1±S4 tLTNiMn 
Ste&KfcfflV^fcs fflf£N iMn^&fflliFeNi 
Jte*lt(II£8ttJ|3) fcmrff»&£8tt&&£36 40 
» S •£ S fctf>Ktt .250 •CliUiWitIS! WBV \®&.?<7) 

Dufmm {t--iv) tkmtz%h. 
[0016] bz hifi, 2 5 o°c\;j±<r>im<nimmz 
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3 k^ssttsiM 2 1 <o^at'^«-f mmz j: seas 
T+i isiwb h. t fc . A«S'fue» cwjw* c so 
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\£>hZ<-f&Zt1> mmX'h & *\ NiMnlMI 
H^y^x h o-AgSlc L&(tiitf JS#&X$JI;tftt 

[0017] ^lli^^fl/^tGMRIffc 

x t° ywymwmwfm&mvi l , vA^v-r 

T* i.xb°yA^7MfffS*^ *ig«-rs i * awt 
LT^I>. 

[0018] &tz*wm±im*<nm&zmm-%>tz 

frwhcDX fo*) . SlIttKPtMn (a#-vy^' 
y) ^^SriTCfJrtW-iiklciO. RaSKttJftiS 

dKL. LA»tR5S8ttJi<0llS*/]N5<LTt*Sft^ 

7mi^tyy^7lS«»f *Diefct4 i i: ft 
SWi LTV^S. 
[001 9] 

^mt<ni5fttp$mth ? y -aejBt $r^i-i>^h°y 

y ^BTCi V>T. 7 y -BS6tt« W± t^NKft 

k, H^SBittJl<0±C^lStt#«il. 7y-ffitt«*<5S 
«LT««S*lfc»2^«]Ri:ftWL. IVIBflSl^ 

$ixTfc 0 . msim 1 er&m«itm2<7&mmzj&m 
<nxhh„ 

[0020] sifter 1 <rmm. m 1 test*- 

I). isoxtyys;^7MfS^»^(i. ^y^S^^h* 
yA*/U7«! (a) ±{cR^Ktt)l^*^LT^y^/i-M 
<7)X f y; </1^7«! ( n ) imm ZtitimmbKiX^ 
I. Z crytzfr Z cox f y) ^VfmMWm=t<nms^.\\M 
li. isy?)VX\zy*)V~7mm!m (06 ) c^ffifiiS; 
•ft$(3-9%) iyi>»<=5r0. ifcfaT/^tfy 

^^TMsma^ (07 ) amsLwm (5-13%) 
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X'Z 4fc£>. ^v/iVX^yj^^mmm^Wra. 
«HTt'£4. 

[0021] m2(r>^mm, mmLmt<7)immi5 
tts^fcj: ^mw-n.^Hzm^tum^wm 

mti ? v-mtmt ^■tiAt-y^iuymmmm? 

MbmmLXWMZM:* 1 <0£Jf §lh . Hg&ttSco 

±(=#mHi«i . 7 y -atta**3tR L-cawsfut 

ftfc5«frfcj*4$3<0£SKk£*U WIESl^ 
JBBKO±tK3SKttJH LT ralBm 3 <n&WBdffim 

m2com&mi)mmztixa*) . frismio^JiMtm 

■**»Jti9*lT V^4 i k *«fS fci" 4 t tfycft 4 . 
[0022] HUieig2co^BJ{i» 02£*rf ttfrfft 
4, .roxtryA/nflRii. yy^-f/^xtryAW 

( 4 ) -htcKa&BMW £ LT y 7VH!?)x t 
>V7Wk (o) 0TO*3*ifc»j6i&~>-O>*. «fc-5T. 

Ay^SaBR*F^R4aj*tt. =5:4 
Zkk. 5gtt*»a±R*AUJf i k fc J: 9 . y 

ft 4 V *««U2U: SrSHrcfc 4 . 
[0023] »30*#JHi. £&5Stt«i03e8Sfi2f 

irf 4 7 y-EBttJIk Sr*-t4Xh°y>'S';uy^M* : f 

tf%j&w&m*ftLximmzmmzti. s.-3*ts<z> 

mf&cv&Tm k &4 ®5£58ttJI«Tffil k . ft±g<0£ 
Sffiog±fl k 4 HS«ttJB^±« k 8ttJB# 

V#Rft6iVC v>4 -I k fcftftk f4 fc Wft4 . 
[0024] JJEW 3 DftHffliH 3 fc^kOT'ft 4 . 

fc » f ix?ix<7)T a T/l-SOX tr y / xj&isgT-RS&a: 
ttfliSr«*Lfc»«Tft4 . CO* t*>VN"/l,7'fi?i RS 
: F«>JSfiiSEfl3Wi . ftjfoor a T/l-Sx t y; s^yjf R 
a^ffiiSSMfc** 0 ty/to 
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4. 

[002 5] »15rV^3t3<iOS6W?«, ^"Wl 
ffrx tf y v <;P7*a-^r a 7*;i^ f y; k mm. t 

»o e offi^t j oisaawktJBi ^-^4 ; k #-e# . 

10 m+-^1 1 Oeco}'^g|5K* ; k^x^^^kffi^5l^t ; k^#4 
ft4o 

[0026] tcii. ±MLtz*%*mxMy;<)V7'Wm 

mm^za ^x. 7 y ^ fneiiSK 

ttflk^X-f4*[6»cfi?i4AM rxJifcxtyv^r 
M^«)lOMffla5t^1-4Ck* { #^Li-\ A-H 
AM rxfl*>'ffM$ii4 Z k fA^A^Hf^y -f Xo 

m-ifm-ti z k 4. am rxmimixjov 
9)\*j*iyjA xz&mtt.mim'f-ii. a- kt < 
20 *^^k'<7)6imfeiMfr*^^fL^ : k^aif48m 

A.7 Ktcfflv^4;k* { t'&4. *Jt*«WCJi^-fA->f 
TX«lrig(t4i^^< . AM TX«c7)*|^tO{i, 
A^A^V/^fX^S^mKL&vvt-iu^-te 
y-t^kk LTffl^4Ck*ST'^4o 
[ 0 0 2 7 ] R^KttltiP t M n ( &±--?y 
fiy ) &&X'BJ&ZilZZ k imt MIP t M 

n^tftiT, Pt-Mn-X (fot'U X(i. N 
i, Pd, Rh, Ru, Ir, Cr, Fe, CoWf 
il* 1 )^. ft4V>«PdMn^TJg)SLTtJ:i\ 

30 [00283 mumm/mktxp tMn 

«ttJf <OJhfci8I83fifck * kTtc^Ji^ti^k StfD}R 
4 ilgfigttl<?)?Sft ; kllST# 4 . § tCJigJRj&O&Hi 

aas* t 2 3 wcmx'h+ftttmmi5mmmh 
zktfX'Zi. zotzfr. mm&mz&^x, mm. 
mm k , wmmmmf7 y -w&m t nmsx-vM 
mm±X'% , *i#a#cH lt «^aa^t*^#4 

Ck* J T#4. 

40 [ 0 0 2 9 ] * Jt . ire*m-c^A LfcR3ta6i±«u , 

VWfii 0 o^y^xhn-Ag^k#^(c/h$<T 

t) . 3 0 0 O e ( I/Wf x H ) SS<OSSI«*ttK# 

t yAwjBss ss-rt-ts c k **nnrcft 4 . 

[0030]^^, PtMn^Ili, FeMn^if 
i Mn-££mzitKXm-&&tf&tlX& *) , Xfy 
^ ^^aSHBR^RJilSCtJ (t4*fflso?f^f"J w 

50 [0031] SfcK, PtMn^«kfflsaWMk# 
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[00 3 2] *»HB-Cti. K3«8ttJlfc:&ft&K&Btt 

lOJHJitaas.J: O/teKT'&S. 
!KO*<?5l8ft£Jf*L"Ct>. MextVAyU7M<?)*S-£ 
iWWfi«lt=** < =5r& Z b a*5r < . BWl* * 7 7*G 

[0033] 

IMft*^0«a^^(6]liY*-|piT"J>l» . 12 1 Oft 
kTfcJgj££;fiTU£>Oki:Ta (?y?/i/) Srfc'ofHS 
tt*mTJBS3ft.fcTJM6-CA4. £OTil£16± 

t . 7 ooe-e«§<£ s <t * x t? v > oiymtmm $ 

I**!., flF^7{iTaT»«8iUt«a«"C*4. 
[0034] iWEXt.°yA,U7mi. T*»6N i F e 
( - ■■/ *r)V-& ) ?k&&VWtf&1xk. 7 'J -«ttl 1 . 

cu m) %zTBfcztit:immmm2 . n i Fe 

<t>t ffl^SEttl 3 . P t M n ( 
StlSft. **>_L£. Il£8tt/I3, ?lH»tt9WI2& 

sunugfiStti 3 #a«t l-c »« s n 3 as i oim 

8tt« 1 *^ L TSS $ ivfi 3 1 £SfS 2 <9£«1 
(b) i:t*ur, MK^eyyOPTltu. Sfsio^ffli 

(a) ±fc, R»«tt«4**irLr*2^1« 

(b) immztitjmttox^h. 

[ 0 0 3 5 ] 5QBK)»«aBH^>x K#flMtS*i* 

L&W 0±£#8ttWOTSl5*> 7Ti (HSL^ 
I * ) i>mik § ft . i <7)T&*' -y 7°lO±H: H 1 K^t 
4MftWB*S*U $ £fcf 0±{c^8ttW$fO±gB*> 

^h'« (bk*wto) mmztih. zix. me 

77ftG 1 #*fct?fxl>. MeK^8tt«4 til 

siKtti 3 1 tmm $ n^ttic . Y-ftfa^wR^x'fm 

8tt/13£Co CJA/PM , Fe-Co rm'/l, 
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H Fe-Co— Ni (&— nA/Vh— -y^- 

[0036] TW6 frhmm 7 tx-cozmmtfw 
vfizx vimzti* pammmmzji-y^yy^tit: 
mz. mayv-m&mnzx^cDm^Txm^i: 

■i rxm 5 uxumzmitzti. z<n>\- w rxm 

5frt>5-z. biximizj; 17V -8141 1 nmfttfx 
Hftlzffix.t>iX&. .TO, J\-Y>UTxm5ZWifth 
10 ZblzX'O, rti\s9t\V*>J4X<m!k*imZ*th 

(?>?'xry) , cu («) zfizzimfSLZtitzm 

m/f 8, 8*«»«S*i*. 

[0037] dcoJ: 3 izlXffi&LZtitzXWJstiym 

mmm=FX'\t. mnm&frhyv-mtmi . ^8it^ 

7U-«ttll«0»^O* , l«l* J X*|ft|j&»^Y*|6l^ 
WtrjBft-t*. 7'J-«ttll tHJg«tt 

20 msnoh^mt^m^mLi.obt^n^ 

i)K fflMBmm 2 b7' J -8ttl 1 1 co^ffi. S fctt 

[00 38] miJSUciaiC. HKCfcttSXh-y/^ 
7'M{±7lT"^$ixrfc , y. ^ixli;ll5tc^tfaT 
t ^^aaiffltJiH 1 Hz (t & x tr y / \>^Bt<o« 
|s| txhh . LfrLm l [zintim^x^yrs 

30 <0«|^m)fh' i')t)^S<^o , C^4. iilli 7 'J 

-8tt« i . ^8tt^si 2&tfHjaartt* 3 

$ flT v ^ OtcM L . 0 1 T'{± 1 JB L^ffM $ tiX v ^ 
V tfzfoX'fo h . Ig^MJf h 1Av|n §<^§chtcj;0- 
8»^> 'y7'*G 1 0«/Wt*H3R-c& *. 
[00 3 9] &tz. 01<?5Xt°WS^7*^(i, yyy'* 

sox e y v ( y n ) ±(cR^ettii 4*mix 

iifcflBS i =Sr o T ^ I. jfc*> . Ill 1 ox t w </l^ySS JR 
40 S^offifii^wavs^ttiTJfi. >-y//uxf yy^ 
^fiffiMBR^ffifiias-ftff (3-9%) SKS^tbylJ: 
0 < 9 . S klzm 5 iZTjki-T iT/kx f 

yA/PT^nMBR^JKIiaHt* ( 5~l 3%) J; 0 1 

[0 04 0] mi^ztufh^y^ymx'ii. yv- 
sttsi^^iRtt^nrfc 1 ), aa«7'j-ifi 

ll^NKtt«««2fc*® (B) (C)*»JRUT^ 
•J. iittcitL, ffl5(T)Afyrt>l>7'mX'it. 7 'J -8. 
ttl 1 # 1 ®Tl^8tt^tt« 2 b WW ( B ) ( C ) *ffi 
50 tiLLXm. 1107'J-8tt«lA' ! ^ffl (B) (C) 
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i cr>nw ( b ) ( c ) xmz 4*putaii. m 5<?»m 
(B) (o vmz&nmmzitKxftKZ-oxti 
o. vt-oxmii l zmi^y^>i-^mmm : fcr,ts.tfi 

timitmzitKx ±%<%&zt tf^mx- 1 4 . t n . 

T A4 i: . 01 tfeJtSXtyA/PTMSM^ <0ffllB 
tttfKli 2 0 ( Gb/in* ) KLLarfflft-CS 4 Z k 

[ 0 0 4 1 ] 0214. *«BflO?B2<9HiH|^KJi* 

RSM>xtf yy^yH^L-CiJ D. Hi tfl LJtJ: 

0 izz comz^ lulEx eyy\';P7'M* i 0r©gtt{-x .y * 

4. i £02 -CUi. TJftlB (H1<W6) fcitf&tS 
BKH101H-7) MWfrLT^*. 02KScf7.ey 
AA-T^il 31tHKS*iTV^. T»tcttHlTK 

BBLfc* i uo^Jii ( a ) ±mzm2(7)^mm 

(b) aqWt&flTlr**. T#>fcfflJ08ttJi3. 

iratttwu 2 , 7 'j HwtJi i . imammm 2 . h 
se«ttJi3*q»Ji$<tfc5JiflKft»jB3tf)*Jiii!t ( c > 

j&Wt&ftTlft*. -fLT. %\<r)%im (a) co±tC 

^mm4^txm3cr>$r!9m ( c ) 

3 6K*tf>±fcR3«Kttl4 Sr^LT»2^JiJR 
(b) WWIJfiir^ft. 

[0042] Ji ( a ) ( b ) ( c ) <?>IS£ttttJI 
3 li. R5fi«tt*4 *>±iB*fcttTiBfc»LT»lS 
§ ti . fI!Ell£»ttJf 3 ^Ui1l9IER3l«ffiI 4 t CO 

ftSflT^S. 4fc, 7>J-ttttJll«>Bftfi"-K'< 

a rxm 5 <t»m rxmmz j 0 . mesemMi 3 o 
mztii. %5mwg4kLXPtMnis&m : t:mmi- 

hZ t izX 0 , «mc«lSfflJg*«2 3 O'COTT't 
^M4^KJfS- lOO^^hn-AggCU 

t . 3 0 0 o e ( imt » k ) mf7)$.®mn;&m 
&ftizttf*mt%&. Kmmm4cr>jm£i 00 

y^'x hn-^ss(ct'§ 7 tryA/y7licD 
IS£I£Wh2#fliffiK*#<&4.rfcfi3:^. 0 

1 R5t«til4 t P t M n^HT^SflS 

tm&K. znBammtmm^&zktzj:*). 

[0043] 02c7)7tryA/U7®?Ji. vy^/HSOT. 
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a. &t«s8tts 3 1 im&mmm 2 1 <r>xmt*ix 
* ti4 mh *) , vf-mjmz 4 mmitMtsmm 
4. 

[ 0 0 4 4 ] £ cofcabH 2\zmhxw> </U7$m& 

yAn-Tsaf ibrt «attissft*awi4ai^<o»4 <g 

im&rm4nhi}e>%)2&m)£ZMWX'Zz. ttzim 
10 m#&vffl^ajdmfrh*m%msmi&m 
w-ixz-ik. m2^zmh^y^)vrmim%Ltz 
^y^^mmmn^ffimmmmiwmmx' 5 0 

(Gb/in2 ) mg.ZW&X'Z hZ ktfhfr~>tz. 

[0045] H3tt, ^m^m3cr>mmmmizxix 
^y^n-ymnmm^-tJEmmTh^ . ^fc03{M 

mc7)XtW<;l/7-M5-^LT±5 1). 01 "CRWLfcJ: 

4. *fcH3-Ctt. T«DS6fcffiSM7t*B&LTM 
20 4.03 lZir,tX f wOUTWi . 0 2 (Cfe V ->T itt^ L 

£5jf»jt<om3o^K ( c ) tfm&.mzimhixx 

^4. *tl?tlff&MlR ( c ) BlCJ4R»«ttl4*«»E 

l«*i-WiR»«ttl4*«»a5ix. ^ftTJi. fflrSfiR 
5l«ttl4*«4lll. mm ( c ) **3Hlil«UTflHi$ 

[0046] K5lttttl4UP t Mn^T"ffM$ilt 
*J 9 . li)ieR34lSttl 4 OjRWi lOO^^ho- 
A§St^->T^4. £Ofcft. ^b'yA';^!^ 
30 JPJIh3(i«K*£<&->-0^. 4fc. tHE^t 
^^7lli. far/m^tW^TTi ) _hfc 
R^ttil 4 Sr** L T r a T^MOX h"yAVU7')l 

(>f ) $^tcmfiext'yAVpy« (>f ) ± 

CR5IKtt« 4 LT r * T ;HScox e yy ^^)K 

(-f ) 3^«$ilTV>4. 3 oco-f a T^fflco 

xtyA^T-n (>f ) ^'is^ LxmmztitzXo 

t^oT^4. 

[ 0 0 4 7 ] J ~>X 7 >J-«ttl 1 ^UNBttunti 2 1 
w#ffi. At«aaffil3tgNaEttSW12ko#iB{i 
40 *fi«i6«Jr» 0 s * : FttaiWB£ 4JiFJrli^lf 1 2 
BIBf *>4 . £ <Ofctf>0 3 KtJtfft 7. t'yA';l,7'M^)l* 

^7'mmmm^mf^r>uxt'y^)wmmm^ 
msj^mmm^.^ x^^^^k^^x^ 
4. ttz. msiz^i-x^y^/i-ymmmm^i&tm 

^4i>i0c7). V/H-U-f-^GMR^CO^. Sv^JRta 

TJ) o fcWtcSt L . 0 3 tC^fX f yA';l/7*Kt'*il 
50 tf, *»^St^i8»TJtl»W^fflS35fl^*5l 
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[0048] miz>bzmtmftx'i$^mfi£im$ 

ZtiX^VzihX'h <9 . J: oT>hSl*5MMW , Cfc 7 
UH&ttll <?)BHLO#fi{±£i!jU ^7U-SStt« 

i rt^Mft^ij t ®jm&m 3 coa^ja-ft^is] t com 

4£v/h-w-\'GMRJI7c7)%£\ J\-YtUTzm 
«a l t v > < i k *^rffit-?> 4 . 

[ 0 0 4 9 ] fc«U WE^tw^ritoe^ltJih 
KJf (HSLfcn) t±»^-/H« (0^L^^) k<D 
K k dOlBBOJJMI* T\ III 3 fcjjt*-* f yA 

* ix n< k , mmxt-y^T'mcow.imitmRvw 

* k£&mSO±M^^&®ffilf$«£ ft* LT 
A4k, ll3(c£{t4xtVA>7JMi$fflL*:7t-y 
y^7'Sfi^^<7)ffiieiMS(i5 0 (Gb/in*) 
100 (Gb/in*) ggk&D, 77^M-\*GMR* 

[00 503 30 

nt . Il£flittj| 3 *»jfc**3ft8tt*rok 
Ko^TtfJSBtWfcSMBt* . 41* UlTtiEIW-iflBS 

y3t/W^7j'(:J:0 (v-Urjy (Si) 
( A 1 2O3 ) »E±lc«jRLfc. RSMBttJIlcU, ffl£ 
Jt^Pt 50^% (at%) . Mn5 0Sf% (at 
%) kfcSPtMnfltettJBU 
d)T*^Ta/Co (30^^Xhn-i)/PtM 
n (X)/Ta0>Jg(=j£K$*i N PtMnOSWXttl 40 
00, 150, 200, 300, 500 (^y^'Xhn 

®THTa/PtMn (X)/Co (3 0^^'Xh 
O-A) /TacOJitjfcMSfu PtMn^BWXttl 
00, 1 50, 200, 300, 500 (JsvyxYu 
-A) xm&ti.h5Wk<>)&W9k. 
[ 0 0 5 1 ] K&E&'tfStCti:, ttjaUfcfi*. N i 5 
OJg^-% (at%) , Mn5 0J£7% (at%) k&4 

®TKTa/Co (30^y/^ho-A)/NiM 50 
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n (X) /T aCOmiZffif&Ztl, N i M ntf>§tJf XU: 1 
00, 150, 200. 300, 500, (*y?Xh 

©THTa/NiMn (X)/Co (3 0^^7.1- 
P-A) /Ta<0JGfcjfcM3*u N i Mn<7)lg|/fX(il 
00, 150. 200. 300. 500. (jj-y;?*7,h 

[ 0 0 5 2 j mmmmzti^x . ssmmtnt , n 

8tttt^CoJ£kOll^^££f#4£*fc. 2 3 

( H e X ) «0fflSg{«3SlllflftaMtft V S Mfc J: Off o 

N i MnKcOJtlRtfltttt. W?*li20 0 (uQ ■ c 
m) §ST'S)-57t. 

[0053] 04(i. PtMnH&tfN i M n (gOd/p: 

k3a«i**ttaff (Hex) kcom^^t^yyxh 

&. H(3ir*M:?tc. P t M n]«<7)l$j¥#7v£ <&4 
k . 3c8lit;frffiS# ( H e X ) < £4 Zttffrfr 
4. 4fc. PtMn«S:Co)K^Tfc:»rtLfc«^<iO* 
P t M nKSC oiK0±t»jjcLfc«^t:it^-CS 

comm&i oo^y/xYu-^n^x-h^xh. m 

0 0 O e ( X^X f'/K) k itKW^S V ^SW*tt« 

[0054] -*N i M nli£0*f ^. HJI**# < LT 
t , XmS^ttK^ ( H e X ) tt#«fcyh* 1^4 4 "C* 
0. 2 3 0^0^1^^. N i MnH£fSfflT'£ 
^TV^k N iMndSrffifflU^-^. »®a 
?aj£#'2 5 0XJJ3LbT*fltf. 04 tC^tP t M nd?) 
ft^k|s|tJ:o^tl)S-^-rck^-il!g$iiT04. L 
^L, 2 5 0 'CMXtliZ Ktt k . ^BtttXU 2 k ®5t!S 
ttl 3 »tf 7 'J -KttJl 1 k 0^ffiT'^JS7cH#'rai- 
4 k v RS7t)>'4 1 4 fctf> . »«aa?SS$r 2 3 0 'CSS 
t:-f4^k*^-St"S>4„ 

[ 0 0 5 5 ] 4fc. H^Kttl 3 ICC off 

tftiLfc^ CoMKftiTN i FemmiX 
i>, *H®kPI«^«^»^4. S5fi 
l&ttlk tT P t M nM^ftfflt-ixtf , 2 3 0-CSK^ 

3 0 0 O e <0SSW*tt«»*» 4 Z k a6«r»r* 4 . 
[0056] 

«*sp t M n^4Jt«i^ilk|5|a^tt«Sr^oP dM 
n-g-^ &4W2Pt— Mn— X (X^N i , Pd, R 
h, Ru, Ir, Cr. Fe, C o^vfixfr) -&&X' 

mtfizti&zttzx^x. mmf&^mmig^x\ i 
^tiaswHffSr'h* < lx mm^mmum.^- 
mhzttfxzz. 

[0057] mk^y^x^y/^i-ymmmm^. 
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[Hi] *%Bj3^^ i <?mbjb k i^xtfyy ywmm 

[02 ] *»BB<io»2<o»JBtJ:S^tryK;i,^iR<oiE 



10 



10-1 77706 

1 6 



[H4] PtMnMcOffiWi^{iNiMn^c7)MWfc3< 
[05] VA'?-M*GMR*?OSrffi0, 

[06] isyy^xvvt^vvmmmi^nwmm. 

[07] T*7A^£yAy|,:/MifR^<3Kffl0* 
[ft****] 



(03 ] *mfi<Dm3<mm£J;hXVyj'\)l<7'®cr>JE 



1 

2 
3 
4 
5 
6 
7 
8 
hi 



mm 

h2, h3 
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